To determine which engagement factors contribute to student success at a large, public, research university in the southeast, the university library-along with representatives from Academic Affairs, Student Affairs, and other academic and support units across campus-have agreed to collaborate on the alignment and analysis of student data and to contribute their data to a repository that will enable longitudinal study. The study indicates that library, co-curricular, and extracurricular activities have a significant and positive impact on student success in terms of GPA and months to graduation. The model developed for this study is one that is easily transferable to other organizations.
Introduction
Student engagement and success are critical, with more than 40% of individuals seeking a four-year degree dropping out within six years. 1 Tinto's social integration theory posits that students need integration into formal and informal academic and social systems of the university to be successful. 2 Engagement strengthens students' academic intentions, goals, and institutional commitment, thereby increasing the likelihood of graduation. While universities are implementing high impact practices to engage and retain students, myriad other factors may be at play. 3 Through the lens of social integration theory, formal integration may also include (1) library engagement, (2) use of student support services, and (3) participation in co-and extracurricular activities.
To determine which engagement factors contribute to student success at a large, public, research university in the southeast, the university library-along with representatives from Academic Affairs, Student Affairs, and other academic and support units across campus-have agreed to collaborate on the alignment and analysis of student data and to contribute their data to a repository that will enable longitudinal study. The joint project will not only allow the library to quantify its impact on student success, but also help university leaders identify other critical areas of student engagement.
As such, the objectives for this study are threefold and align closely with key priority areas identified in the Association of College & Research Libraries' (ACRL) Academic Library Impact Report, which calls for librarians and information professionals to conduct research that will demonstrate library contributions to student learning and success. 4 The first objective of the study, which aligns with ACRL Priority 3, is to include library data in institutional data collection. The second objective, to quantify the library's impact on student success, aligns with ACRL Priority 4. The third objective, which follows logically from the first two, is to create a transferable model for aligning and assessing university metrics. To meet these objectives, the university library at the University of North Carolina at Charlotte (UNC Charlotte) is leading an initiative to assess student engagement and its impact on student success by forming partnerships with the university's Office of Institutional Research, the Division of Academic Affairs, the Division of Student Affairs, and other university support service units to gather and align student engagement and success data.
UNC Charlotte is an urban, research institution with the Carnegie Classification Doctoral Universities: Higher Research Activity. With an enrollment of nearly 30,000 FTE (24,000 undergraduates), UNC Charlotte has the third largest undergraduate enrollment among the 17 institutions of the University of North Carolina System (fall 2018). The university accepts 66% of applicants while incoming classes are 55% new freshmen and 45% transfers. The persistence rate is 80% for the first to the second year. The university emphasizes student participation in research with faculty and in internships in the Charlotte community. Nearly 80% of students participate in internships and other research activities.
Literature Review
Throughout the library and information studies literature, findings from a variety of studies have shown that library usage is positively correlated with academic success. 5 In a study investigating library usage patterns and academic achievement of students enrolled in nearly 200 courses at a single university, findings suggested that students who "read" more, measured in terms of borrowing books and accessing electronic resources, achieved better grades. 6 Likewise, findings from a study of 8,701 library records and GPA revealed statistically significant, positive correlations between GPA and checkouts of library materials. 7 Other study findings indicated that participation in library instruction is significantly related to students' GPA. 8 For example, a statistically-significant increase in GPA among graduating students who were enrolled in classes that participated in at least one library instruction session (n=1,265) was demonstrated over students who were enrolled in classes that were not exposed to library instruction (n=115). 9 Similarly, in a large-scale study of 42,624 students across 12 universities for the academic year 2014-2015, findings suggested that the first-year GPA for students whose courses included information literacy instruction was significantly higher than the GPA of students enrolled in courses which did not include such instruction. 10 More recently, Soria, Fransen, and Nackerud conducted a series of studies in which they examined the relationships between student academic achievement (GPA, degree completion, retention, and student learning outcomes) and library usage, particularly among first-year students, as documented through a variety of variables (e.g., online databases access, electronic book usage, electronic journal logins, library website logins, material borrows, interlibrary loan borrows, library workstation logins, and engagement with library staff through instruction sessions or reference interactions) along with pre-college metrics (e.g., high school GPA, SAT/ACT scores) and demographic factors (e.g., gender, international student, race, firstgeneration college student, Pell grant, college of enrollment, first year seminar, campus housing, SAT/ACT scores, incoming college credits, and participation in a student academic success program). 11 The findings from these studies revealed statistically significant regression models that predicted a variety of dependent variables, including students' academic engagement, academic skills, engagement in scholarship, GPA, continued enrollment or graduation, and learning outcomes. 12 In particular, the results from two of these studies suggested that four types of library services were positively and significantly associated with students' cumulative GPA: database logins, book loans/renewals, electronic journal logins, and use of library workstations. 13 The model used for Soria, Fransen, and Nackerud's 2013 and 2014 studies was particularly helpful in designing the current study. 14 Extending these studies further, the present study also includes student engagement variables from other academic support units across the university, high impact practice data captured from the university's participation in the National Survey of Student Engagement (NSSE, 2014 (NSSE, , 2016 (NSSE, , 2018 , and student affairs' engagement data to include participation in sports clubs and Greek social organizations.
The study addresses three research questions.
1. How can libraries connect their data with student outcomes? 2. What effects do libraries have on success outcomes for different types of students?
How can libraries supplement the data collected by other university departments to document student engagement and success?
Methodology A two-phase, mixed model was designed to include three data collection strategies across two phases. In Phase I, researchers conducted interviews and meetings with university stakeholders to gather insights for Phase II activities. In Phase II, researchers accessed and aligned datasets and conducted statistical analyses (e.g., ANOVA, Regression) to identify significant factors between student engagement and success. The independent variables were aligned and integrated with the dependent variables to form a transferable model for longitudinal data analysis.
Phase I
Phase I began with a single brainstorming meeting in February 2018 with the key institutional research and assessment personnel (specialists) on campus to discuss the justifications for and viability of the project. The researchers and specialists discussed how we could align data (independent variables) on individual students from many different campus entities and even more systems and connect them to the dependent variables held in the student information system (Banner). Attendees included the library dean, library head of assessment, executive director of the Office of Assessment & Accreditation, assistant provost for institutional research, director of research compliance, associate vice chancellor for student affairs for research and systems, and divisional director of student affairs for research and assessment. The library participants were surprised that a few of the individuals had never met before we brought them together. A few months later, they are working together cohesively on a variety of campus projects. During the initial meeting, the group created a list of potential partners, established the goals for the project, identified the dependent variables of interest, and agreed on the initial data alignment and de-identification process for the pilot.
The library agreed to lead the project. The library recommended as potential partners the academic support services offered in or near the library building: Writing Resources Center, University Speaking Center, University Career Center, and University Center for Academic Excellence (tutoring, supplemental instruction, and affiliated services). We selected these partners as they are "academic support" or cocurricular services, mostly formal activities that were already collecting student identifying information during interactions. We wanted to include the most recent results from the National Survey of Student Engagement (2018) and as many Student Affairs metrics as were available in a compatible format (Greek Life and Sports participation).
The partners would extract data on interactions and participation by student identifier (student ID number or email prefix) from their respective system(s). The library's head of assessment would gather the data from the partners once they agreed to sign on to the project with one representative from each partner being added to the IRB Protocol. She would align the incoming datasets and deliver them to the assistant provost for Institutional Research, who would perform the crosswalk from the independent variables to the available dependent variables.
We wanted to connect with as many student demographic measures and indicators of student success (dependent variables) as possible (see Appendix A), but used semester and cumulative GPA and months to graduation in the initial data analysis. The assistant provost for institutional research then removed the identifiers and returned the dataset to the library's head of assessment who agreed to run the analyses for the partners.
After the initial brainstorming conversation with the statistical experts, the library conducted individual meetings with the representatives of each of the targeted partners. In each meeting, we explained the project, discussed the data the partner collected, discussed how to extract it from the system(s) used by the partner, discussed how to format it for delivery to the head of assessment, and worked to gain buy-in.
Overall, getting buy-in was easy, though we had many conversations about how to protect student privacy, the benefits of the project to each partner, and how the data would be used in the aggregate. The Writing Resources Center took the most effort to persuade perhaps because they do not work with datasets, statistical tests, and analyses on a regular basis.
The partners asked a variety of questions during the interviews with the partners and provided the following responses.
Question #1: How do we know that the student's personal information will be protected? Your representative who has been approved through the IRB protocol will gather email usernames or student ID numbers in your software system(s) along with the independent variables during the regular conduct of your services. On a regular basis (typically the end of the semester or academic year), the representative will extract reports and/or spreadsheets and send them to the assistant provost for institutional research. He will load the data into the Student Information System and run aggregated reports upon request and typically for end-of-semester or -year reporting or for specific research projects.
Question #2: Who will have access to the PII? The Personally Identifiable Information (PII) of students (typically email username and/or student ID number) will be resident in the partner's system(s), but only available to the representative who is listed on the IRB. The partner is responsible for maintaining confidentiality of the information contained in the partner's system(s) according to campus security protocols. The assistant provost for institutional research receives data loads from each partner, makes the connections to the Student Information System, and runs the desired reports. He returns the aggregated, de-identified reports. Partners in the project will only have access to PII they interacted with as stored within their own systems and will otherwise see only deidentified data and aggregated reports.
Question #3: Who will make the crosswalks?
The assistant provost for institutional research creates the connections from the datasets from each partner to a selected hook in the Student Information System. Only that individual knows what hook (a different identifier than the email username or student ID number provided by the partners) is used to link the records from each partner to the SIS data.
Question #4: What information do I have to provide, in what form, and to whom?
The partner will need to present retrospective, current, and future datasets at agreed-upon dates to the assistant provost for institutional research. The dataset, typically an Excel spreadsheet extracted from the partner's software system(s), should include a column with the email username or student ID number followed by columns for each of the independent variables collected. The specific variables should be discussed in a meeting with the library's head of assessment and the assistant provost for institutional research. Additional variables can be added later.
Question #5: How will I get reports?
The partner sets up a schedule in advance of what reports should be generated and when with the assistant provost for institutional research. The partner may work with the assistant provost for institutional research to produce reports from the partner's dataset that are not part of the current research project. A graduate assistant may be needed to produce reports if the assistant provost for institutional research is too busy.
Once it looked like we had sufficient partners to make the project viable, the Office of Research Compliance helped the researchers write the IRB application form and ensure everything related to the study and protection of student data was in place. With IRB approval, the researchers asked each partner to have the primary representative sign on to the IRB.
Phase II
In this first iteration of the project, engagement and success data has been compiled and aligned from all initial partners (see Appendix A) to include academic years 2012-2013 through 2017-2018, though there are some inconsistencies in the data contributed, as some partners did not have full datasets dating back to 2012. Overall, data from the library, the University Career Center, and the University Center for Academic Excellence was most complete, as these offices provided data for all six years of interest. The University Speaking Center provided data for the 2016-2017 and 2017-2018 academic years while the Writing Resources Center data included the 2013-2014 to 2017-2018 period. Greek organization and sports teams'/clubs' memberships were included for the two most recent academic years. NSSE data was compiled, consolidated, and included in the study for 2014, 2016, and 2018. At this point, there are over 70,000 individual student records and 375 variables included in the study. The partners plan to include new data for each semester moving forward.
The sample of data analyzed for the current study consists of student records from undergraduate students who matriculated into the university in summer or fall 2012. The sample was selected to generate a dataset that could answer questions related to students' engagement with the university throughout a six-year graduation window and to allow for predictions of months-to-graduation, first-year GPA (beginning of fall 2013), and cumulative GPA (beginning of fall 2018). In all, there were 4,967 viable records for analysis that met these parameters. Of these, 2,995 students were initially admitted to the university as new freshmen and 1,947 were admitted as new transfer students. From this sample, 70% (n=3,487) of the students graduated within a six-year window. A full set of frequency data related to the students' pre-college and demographic variables are outlined in Appendix B.
Regression and Analysis of Variance (ANOVA) tests were used to predict three measures of student success as defined for this study: GPA after first year of study, cumulative GPA, and months to graduation. Significance thresholds were limited to (p < .05). Stepwise multiple regression analysis was used as it allowed the researchers to explore the data for relationships when there was uncertainty as to whether relationships did, in fact, exist. 15 One-way ANOVAs, a statistical test used to compare mean scores within and between groups, were calculated only for those samples meeting a sample size of at least 30, depending upon the number of groups being analyzed. Group size thresholds were established using G*Power 3 using an a priori power analysis. 16 In addition, Levene's test for homogeneity of variance was conducted for all ANOVA tests. Assumptions of homogeneity of variance (Levene's test, p > .05) were met for all groups unless otherwise noted. In cases in which assumptions of homogeneity of variance were violated, Welch's adjusted ANOVA test, a more robust test that is particularly useful with unequal sample sizes, was used in place of the traditional ANOVA F test. For all significant ANOVAs that included more than two categories for a demographic variable, Fisher's Least Significant Difference (LSD) comparisons were conducted to assess where group differences occur. In cases in which assumptions of homogeneity of variance were violated and a Welch's ANOVA test was calculated instead of the traditional ANOVA F test, a Games-Howell post hoc test was conducted in place of Fisher's LSD. For all significant ANOVAs, descriptive statistics, which outline means and standard deviations, are outlined in Appendix C.
Results

Analysis of Variance
ANOVA tests were run for all categorical variables to see if there were significant and noteworthy differences among groups related to first-year GPA, cumulative GPA, and months to graduation. These tests were conducted in the aggregate for the entire 2012-2013 sample for students who matriculated as new freshmen and for students who matriculated as new transfers. There were myriad significant ANOVAs (see Appendix D) related to cumulative GPA and months to graduation. ANOVA results relating to first-year GPA are not included, as sample sizes were too small for reliable analysis. Effect sizes, measured using eta squared (ηp 2 ), largely fell into the negligible (<.01) to small (.01-.04) range, with a few bordering on medium (>.04).
Particularly noteworthy among the ANOVAs are findings that suggest that cumulative GPA differs significantly in the aggregate depending on the total number of engagements with university co-curricular and extra-curricular services included in this study (Welch's F (5, 1446 .07) =112.79, p<.001, η p 2 = .01). Similar findings were revealed when the test was run for students who matriculated as new freshmen (Welch's F (5, 912 .146) =20.4, p<.001, η p 2 = .04). Post-hoc analysis revealed that students who engaged with the participating units in this study fewer than 10 times earned significantly lower GPAs than all others (Appendix D, Table 1 ). When broken down by particular partner, significantly higher cumulative GPAs were indicated for students who engaged more frequently with the University Career Center (Welch's F (3, =39 .89, p<.001, η p 2 = .01)-showed significant and noteworthy findings, both in the aggregate and for students who matriculated as new freshmen (see Appendix D, Table 1 for freshman and post-hoc results).
ANOVA results also revealed that cumulative GPA differed significantly depending upon the number of high impact practices a student participated in, as reported on the NSSE, both for the aggregate (F (2, 195 .39) =140.932, p<.001, η p 2 = .025) and for students who matriculated as new freshmen (F (2, 113 .709) =117.167, p<.001, η p 2 = .035). For students who matriculated as new transfer students, the significant ANOVA with the largest effect size related to cumulative GPA was for visits to the University Center of Academic Excellence (F (4, 199 .99) =14.84, p<.001, η p 2 = .03).
ANOVA tests were also conducted for all categorical independent variables (Appendix A) to assess for group differences related to months to graduation. The only meaningful ANOVA related to months to graduation was for participation in high impact practices (HIPs) for students who matriculated as new freshmen (Welch's F (2,131.11) =33.26, p<.001, η p 2 = .01). Post-hoc analysis revealed that students who participated in one or more HIPs graduated in significantly fewer months than those who did not participate in an HIP (see Appendix D, Table 2 ).
Stepwise Regression
Stepwise Regression tests revealed numerous, statistically-significant models that predicted first-year GPA (Appendix E, Table 1 ), cumulative GPA (Appendix E, Table 2 ), and months to graduation (Appendix E, Table  3 ), not only for the aggregate, but also for students who matriculated either as freshmen or transfer students. For each of the dependent variables, separate regression analyses were run to include: Of these 64 regression tests, 62 were statistically significant (p < .05). The two models that were not statistically significant were related to the transfer student subset.
First-Year GPA Overall, the models which only included university partner data (not pre-college or demographic factors), though statistically significant, predicted, at most, 3.3% of the variance in first-year GPA. Adding in precollege and demographic variables resulted in noticeably higher ability to predict variances in GPA. All statistically-significant regression models related to first-year GPA are outlined in Appendix E, Table 1 . Overall, the model that included specific partner activities along with pre-college and demographic factors for the aggregate set was the strongest (F(6,3412 This model suggests that library book checkouts, participation in library and UCAE instruction sessions, attendance at career fairs, and participation in career advising are positively associated with cumulative GPA.
Months to Graduation
Similar to the other measures of success for this study, all models run to predict months to graduation were statistically significant (see Appendix E, Table 3 ), with the ability to explain the variance in the months to graduation ranging from 1.3% to 42% depending upon the types of factors included. The most noteworthy of the models is for the aggregate subset with factors including specific partner activities along with pre-college and demographic factors (F(4,3485)=626.28, p<.001). This model explained 42% of the variance in months to graduation. The regression equation for this model for transfer students was:
Predicted months to graduation = 58.362 -0.267(Incoming Credits) -1.837(Gender (1=Male; 2=Female) -0.685(Total HIPs) -1.645(Sports Club Membership).
This model suggests that the number of incoming credits and participation in high impact practices along with a sports organization may help to decrease the months to graduation.
Discussion
The findings from the study suggest that engagement with various university resources, including the library, has a statistically-significant impact on student success across multiple analysis techniques. In addition to quantifying the library's role in student success, study findings revealed other significant, key areas of engagement for students, including those associated with the University Career Center, the University Center for Academic Excellence, the Writing Resources Center, and the University Speaking Center. These categories of engagements, along with participation in Greek organizations, sports clubs and teams, and high impact practices, all lend support to Tinto's theory of social integration, which suggests that academic, co-curricular, and extracurricular engagements all help to increase the chances of student success and the likelihood of graduation. 17 Aligning co-curricular and extracurricular student engagement metrics with measures of student success can provide powerful insights to universities as they seek ways to promote deep, rich learning while increasing student retention and graduation rates. Creating a central data repository with the right structure and rapid updates would increase the ability to understand and predict student behavior. The repository should include not only measures of engagement and student success, but also pre-college and demographic variables, as the disaggregation of data is necessary to understand particular categories of student subsets. While the analysis for this study involved disaggregating data according to original admission status (freshman or transfer), it is only a first step in understanding our university population. The model developed for this study, which involved inviting other university constituents to the table to form partnerships, share ideas, make mutually-beneficial decisions, outline responsibilities, work together to identify key metrics, and collaborate to align and analyze these data is one that is easily transferable to other organizations. The power of the model will intensify as new partners are identified and brought into the study.
Study Limitations
Although every attempt was made to conduct a thorough and comprehensive exploration of the cocurricular and extracurricular factors relating to undergraduate students' engagement and success, the study was subject to numerous limitations. These limitations relate primarily to the dataset, which had many missing or inconsistent variables that had to be ignored or imputed. Transitioning from the full dataset to the portion with the most complete and reliable data actually improved our ability to explain variations in the data, despite the smaller number of records. Moving forward, the current partners now have a clearer understanding of the categories of data they need to collect and methods for doing so that will make future alignment and analysis much easier and more complete.
Through this analysis, the researchers realized the advantage of recruiting additional partners, particularly those departments or units responsible for directly managing the high impact practices across the university, including those that arrange programs for study abroad, undergraduate research, learning communities, internships, and more. The most significant limitation to the study was relying upon self-report data from the NSSE surveys related to high impact practices since completion of NSSE is voluntary and subject to significant inaccuracies inherent in self-reporting.
Conclusions
The study indicates that library, co-curricular, and extracurricular activities have a significant and positive impact on student success in terms of GPA and months to graduation. Future studies will emphasize integrating data from additional partners, more consistently gathering activity metrics, and testing other demographic and pre-college factors. With a greater variety and accuracy of data, we hope to achieve deeper understanding of the impact of the library and other aspects of student life on student success and graduation.
The study represents one of the first efforts documented in the library and information studies literature in which the library has taken the lead on developing a transferable model for aligning and assessing university student activity and success metrics in order to quantify the value of the academic library. Too often, we are not aware of what other units across our campuses are doing in support of our mutual goal to promote student learning, success, and graduation. By building relationships and collaborating in the development of an institutional repository of student engagement and success data, campus units may find themselves less focused on competing for valuable campus resources and more focused on working together for the future success of our students.
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Notes Appendix B Appendix C Appendix D Stepwise Regression used to determine which variables make a significant and positive contribution to improving GPA. Analyses were rerun using only positive factors. Stepwise Regression used to determine which variables make a significant and positive contribution to improving GPA. Analyses were rerun using only positive factors. Weighted HS GPA ---1.422 --
Appendix E
Greek Organization --R 2 =.242 F (4,2349) =187.3 p < .001 --R 2 = .091 F (4, 1910) =47.6 p < .001 -4.775 R 2 =.231 F (3, 425) =42.5 p < .001 *Significance level p < .05. Stepwise Regression used for initial analysis to determine variables that make a significant contribution to reducing Months-to-Graduation. Analyses were rerun using these factors.
